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In the title compound, catena-poly[bis [(2,2 0 -bipyridine- 2 ] n , the adipate (hexanedioate) dianion lies across a centre of inversion in the space group P1. The Cu II centre adopts a distorted form of axially elongated (4+2) coordination, and the Cu II and adipate components form a onedimensional coordination polymer from which the 2,2 0 -bipyridine and 1,1,3,3-tetracyano-2-ethoxypropenide components are pendent, and where each adipate dianion is bonded to four different Cu II centres. The coordination polymer chains are linked into a three-dimensional framework structure by a combination of C-HÁ Á ÁN and C-HÁ Á ÁO hydrogen bonds, augmented by a -stacking interaction.
Introduction
The design and synthesis of metal coordination compounds containing carboxylate ligands is currently an active area of research due to their potential applications in the fields of molecular magnetism (Setifi et al., 2006 (Setifi et al., , 2007 Setifi, Setifi, Ghazzali et al., 2014) , catalysis (Ma et al., 2009) , nonlinear optics (Zang et al., 2006) and luminescence (Tao et al., 2000) . A number of new coordination polymers containing not only carboxylate ligands but also chelating diamines as co-ligands have been reported recently (Mukherjee et al., 2003; Zheng et al., 2002 Zheng et al., , 2004 Zheng & Lin, 2003; Ghosh et al., 2007; Kathalikkattil et al., 2010; Setifi, Setifi, Ghazzali et al., 2014) . In addition to a variety of coordination polymer types, finite complexes have also been observed, ranging from dinuclear (Setifi, Setifi, Ghazzali et al., 2014) to octanuclear (Ghosh et al., 2007) . In this context, the aim of some of our recent work has been to extend the potential versatility of such complexes to include four-component systems which also incorporate polynitrile anions as ligands and/or counter-ions, as such anions are of interest in exhibiting both a high degree of electronic delocalization and a variety of coordination modes (Atmani et al., 2008; Setifi, Domasevitch et al., 2013; Setifi, Setifi, El Ammari et al., 2014) . Accordingly, we report here the synthesis, molecular structure and supramolecular assembly of the title compound, [Cu 2 (tcnoet) 2 (adipate)(bipy) 2 ] n , (I), where adipate represents hexane-1,6-dionate, bipy represents 2,2 0 -bipyridine and tcnoet represents 1,1,3,3-tetracyano-2-ethoxypropenide.
Experimental

Synthesis and crystallization
The salt K(tcnoet) was prepared following the published method of Middleton et al. (1958) . Under aerobic conditions, an ethanolic solution (5 ml) of 2,2 0 -bipyridine (50.0 mg, 0.32 mmol) was added, with stirring at ambient temperature, to an ethanol solution (5 ml) of copper(II) chloride dihydrate (54.5 mg, 0.32 mmol). A pale-green precipitate appeared quickly in the green solution. An aqueous solution of disodium adipate (2 M) was then added slowly with stirring until complete dissolution of the precipitate had occurred (ca 15 ml). To the resulting blue solution was added an aqueous solution (10 ml) of K(tcnoet) (144 mg, 0.64 mmol). Slow
Comment
The title compound, (I) (Fig. 1) , is closely related to [Cu 4 (adipate) 3 (bipy) 4 ](tcnoet) 2 , (II) (Setifi et al., 2006) . The composition of these two compounds differs only in the molecular ratio of the adipate and tcnoet anionic components. Both compounds were prepared from reaction mixtures containing Cu II , bipy and tcnoet in a molar ratio of 2:2:1, together with an excess of sodium adipate, but (I) was formed in an aqueous ethanol solution, whereas (II) was formed in aqueous methanol. As discussed below, the structures of (I) and (II) are markedly different, suggesting that a rich variety of structural topologies is potentially accessible with only minor variations in the reaction conditions used for their synthesis. Compound (I) contains [Cu(tcnoet)(bipy)] units lying in general positions and adipate units lying across centres of inversion; the reference adipate unit was selected as that lying across ( (Fig. 1) . The coordination polyhedron around the Cu II centre in (I) can be regarded as having square-pyramidal geometry, where there are three independent ligating N atoms and two symmetry-related atoms of type O41, augmented by a rather long contact to atom O42, so forming a distorted form of the normal axially elongated (4+2) coordination geometry, research papers Computer programs: CrysAlis PRO (Agilent, 2013) , SHELXS97 (Sheldrick, 2008) , SHELXL2014 (Sheldrick, 2014) and PLATON (Spek, 2009).
Figure 2
Part of the crystal structure of (I), showing the coordination around the Cu II centre, where a square-pyramidal geometry is augmented by a long contact to atom O42. The atom marked with an asterisk (*) is at the symmetry position (Àx + 1, Ày, Àz + 1).
Figure 1
The molecular structure of (I), showing the atom-labelling scheme. Displacement ellipsoids are drawn at the 30% probability level. Atoms labelled with the suffix 'b' are at the symmetry position (Àx + 1, Ày + 1, Àz + 1).
possibly better described for (I) as (4+1+1) (Fig. 2) . The bipy ligand occupies a mutually cis pair of equatorial sites, the other two of which are occupied by one of the N atoms of the tcnoet ligand, bonded in a N mode (Batten & Murray, 2003) (5) , while the corresponding angles between mutually trans pairs of sites are 162.55 (6) and 173.79 (5) for the equatorial ligands, but only 130.61 (4) for the two axial ligands (cf. Fig. 2 ). In the tcnoet unit of (I), the two independent -C(CN) 2 units are twisted, in conrotatory fashion, out of the plane of the central propenide unit. The dihedral angles between the central C 3 fragment and the two -C(CN) 2 units containing atoms C31 and C33 are 23.0 (2) and 23.8 (2) , entirely typical of the behaviour of this anion and its simple analogues (Setifi et al., 2010; Setifi, Domasevitch et al., 2013; Setifi, Setifi, El Ammari et al., 2014; Setifi, Lehchili et al., 2014) . On the other hand, the bond distances (Table 2) provide evidence for some localization of the negative charge, in contrast with the strong delocalization often observed for this anion and its analogues. Thus, the backbone C32-C33 distance is shorter than C31-C32, while the C31-C312 distance is shorter than the other C-CN distances, which are all very similar. These observations suggest significant localization of the negative charge on atom N312, which is the only N atom of this unit bonded to Cu II , as in form (A) (see Scheme).
Within the carboxylate group of the adipate dianion of (I), the two C-O distances are significantly different. Indeed, the C41-O41 and C41-O42 distances are rather similar to the distances for single and double C-O bonds, respectively, in carboxylic acid esters, where single C-O bonds have a mean value of 1.336 Å with a lower quartile value of 1.328 Å , and double bonds have a mean value of 1.196 Å with an upper quartile value of 1.202 Å (Allen et al., 1987) . This difference in (I) is thus indicative of strong localization of the negative charge on atom O41. In fact, this atom acts as a bridging atom between the two Cu II centres at (x, y, z) and (Àx + 1, Ày, Àz + 1), so forming a centrosymmetric motif in the form of three edge-fused four-membered rings, consisting of a central Cu 2 O 2 ring flanked by two inversion-related CO 2 Cu rings ( Fig. 3 and Scheme). Propagation of this fused-ring motif by inversion generates a coordination polymer chain built only from the Cu II centres and the adipate dianions, running parallel to the [010] direction (Fig. 3) , and along which Cu 2 O 2 rings centred at ( 2 ), where n represents an integer in each case. These coordination polymer chains running parallel to [010] are linked into a three-dimensional framework structure by a combination of C-HÁ Á ÁN and C-HÁ Á ÁO hydrogen bonds (Table 3) , and it is convenient to consider the framework formation in terms of simpler substructures (Ferguson et al., 1998a,b; Gregson et al., 2000) . In the simplest of these research papers
3 of 5 Table 2 Selected geometric parameters (Å , ). hydrogen-bonded substructures, polymer chains related by translation along [001] are linked by the C-HÁ Á ÁN hydrogen bond having atom N331 as the acceptor, forming a chain of edge-fused R 2 2 (40) (Bernstein et al., 1995) rings running parallel to the [001] direction (Fig. 4) .
A more complex substructure is generated by the combination of the two C-HÁ Á ÁO hydrogen bonds, where atoms C13 and C23 of the bipyridine unit at (x, y, z), which itself forms part of the coordination polymer chain along ( 1 2 , y, 1 2 ), both act as hydrogen-bond donors to atom O42 at (Àx + 2, Ày, Àz + 1), which lies in the coordination polymer chain along ( 3 2 , y, 1 2 ). These linkages are augmented by a -stacking interaction. The planes of the pyridine rings containing atoms N11 and N21 at (x, y, z) and (Àx + 2, Ày, Àz + 1), respectively, make a dihedral angle of 4.83 (8) . The ring-centroid separation is 3.7389 (10) Å and the shortest perpendicular distance from the centroid of one ring to the plane of the other is 3.409 Å , corresponding to a ring-centroid offset of ca 1.54 Å . Thus, while the C-HÁ Á ÁO angles in the hydrogen bonds here are not large (cf. Wood et al., 2009) , the combined action of the two generates a chain running parallel to the [110] direction, in which cage-like structures contain R 1 2 (7) and R 2 2 (12) rings and where the hydrogen bonding is augmented by thestacking interaction (Fig. 5) (Setifi et al., 2006) , pairs of five-coordinate Cu II centres separated by 3.154 (1) Å and having trigonal-bipyramidal geometry are triply bridged; two of the bridges are O atoms from two different adipate units, while the third bridge is a bidentate carboxylate unit. There are two independent adipate units in the structure, one bonded to three different Cu II centres in a 3 -mode (Batten & Murray, 2003) , forming a centrosymmetric [Cu 4 (adipate) 2 (bipy) 4 ] unit, while the other lies across a centre of inversion and binds in a 2 -mode, so linking the tetrameric units into a rather complex one-dimensional coordination polymer. Similar pairs of triply bridged Cu II centres are found in [{CuCl(OH)(bipy)} 2 (adipate)](tcnoet) 2 Á2H 2 O, (III) , where the shortest CuÁ Á ÁCu distance is 2.9806 (6) Å , but no polymer is formed in this case. By contrast, a very simple one-dimensional coordination polymer containing square-pyramidal Cu II is present in [Cu(adipate)-(bipy)(H 2 O)] n , (IV) (Ghosh et al., 2007; Kathalikkattil et al., 2010) . The rich variety of topologies in these systems is emphasized by the contrast between the linear coordination polymer found in (IV) and the finite centrosymmetric dimer present in its pentane-1,5-dionate analogue (Ghosh et al., 2007) . Finally, in the 2,2 0 -dipyrrilamine (dpa) complex [Cu(adipate)(dpa)] 2 Á2H 2 O, (V), the adipate unit bonds in a 2 -mode to two six-coordinate Cu II centres, forming a finite research papers Table 3 Hydrogen-bond geometry (Å , ). Symmetry codes: (iii) Àx þ 2; Ày; Àz þ 1; (iv) Àx þ 2; Ày; Àz; (v) x; y; z þ 1.
Figure 4
A stereoview of part of the crystal structure of (I), showing the formation of a chain of hydrogen-bonded edge-fused R centrosymmetric dimer (Setifi, Setifi, Ghazzali et al., 2014) . Hence, it appears that, in systems of this type, small changes in the nature and ratio of the anionic co-ligands can affect both the coordination number and coordination geometry at Cu 
